Phosphorylation of Nrf2 at Ser40 by protein kinase C in response to antioxidants leads to the release of Nrf2 from INrf2, but is not required for Nrf2 stabilization/accumulation in the nucleus and transcriptional activation of antioxidant response element-mediated NAD(P)H:quinone oxidoreductase-1 gene expression.
The antioxidant response element (ARE) and transcription factor Nrf2 regulate basal expression and antioxidant induction of NAD(P)H:quinone oxidoreductase-1 (NQO1) and other detoxifying genes. Under normal conditions, Nrf2 is targeted for proteasomal degradation by INrf2. Oxidative stress causes release of Nrf2 from INrf2. Nrf2 translocates to the nucleus, binds to the ARE, and activates gene expression. In this study, we demonstrate that protein kinase C (PKC) plays a significant role in the regulation of ARE-mediated NQO1 gene expression and induction in response to t-butylhydroquinone. Treatment of HepG2 cells with the PKC inhibitors staurosporine and calphostin C repressed ARE-mediated induction of a luciferase reporter as well as that of the endogenous NQO1 gene. Similar experiments with inhibitors of MEK/ERK, p38, phosphatidylinositol 3-kinase, and tyrosine kinases failed to repress ARE-mediated gene expression. The PKC inhibitor staurosporine blocked the nuclear translocation of Nrf2, suggesting that Nrf2 might be the target for PKC regulation. A Prosite search revealed the presence of seven putative PKC sites in mouse Nrf2. The PKC site at Ser40 is conserved among species and lies in the Neh2 domain, which interacts with INrf2. We demonstrate that phosphorylation of Ser40 is necessary for Nrf2 release from INrf2, but is not required for Nrf2 stabilization/accumulation in the nucleus and transcriptional activation of ARE-mediated NQO1 gene expression. A peptide that competes with endogenous Nrf2 for INrf2 binding was able to induce ARE activity more effectively than t-butylhydroquinone, and Nrf2 that accumulated in the nucleus as a result was not phosphorylated.